Tea is a universally popular beverage, consumed by over two thirds of the world's population. Green tea is consumed mostly in Japan and China. The anti-mutagenic and anti-carcinogenic activity of green tea has been extensively examined.
in vitro. Following this, cells were incubated at 37°C. An aliquot (100 ml) was removed at various intervals and mixed with 5 ml of 200 mM p-nitrophenyl sulfate to provide an internal standard, then 10 ml of the mixture was injected onto the HPLC. The analysis was performed on an ODS column (CAPCELL PAK C 18 UG80, 250ϫ4.5 mm, Shiseido, Japan) at room temperature. The mobile phase was composed of 2 mM tetrabutylammonium hydrogen sulfate in water and acetonitrile (65 : 35). The flow rate was 1.3 ml/min with detection at 285 nm. The retention times of 1-naphthol and 1-naphthyl sulfate were 13.5 and 11.8 min, respectively. Linearity of the standard curve for 1-naphthyl sulfate was observed up to 100 mM. The effect of catechins on the sulfation of 1-naphthol was measured by the addition of EGCG, EGC, or EC at various concentrations into the culture medium. The IC 50 value for the concentration-activity curve was calculated using a curve-fit program for Macintosh.
RESULTS AND DISCUSSION
Sulfation of 1-Naphthol in Caco-2 Cells Previously, we reported a high level of P-ST activity in Caco-2 cells assayed in vitro. 6) In this report, we measured the P-ST activity of intact cells. As is shown in Fig. 1A , 1-naphthyl sulfate was detected 2 h after 200 mM of 1-naphthol was added to the media of cells cultured for 3 weeks. The level of 1-naphthyl sulfate increased linearly over the first 24 h. Fig. 1B illustrates that cells cultured for longer periods produced more 1-naphthyl sulfate, even though the number of cells within each culture remained constant throughout each culture period (data not shown). One study reports that the in vitro P-ST activity of Caco-2 cells increases with cell age. 7) From these results, it is assumed that the amount of accumulated 1-naphthyl sulfate within the media of Caco-2 cells reflects the cells' P-ST activity.
Effect of Catechins on the Sulfation of 1-Naphthol in Caco-2 Cells Previously, we demonstrated that catechins and green tea strongly inhibit P-ST activity within the mouse intestine and Caco-2 cells in vitro. We attributed the anti-cancer activity of green tea to the inhibitory action of catechins. It is possible that such catechin-induced inhibition of P-ST activity might reduce the bioactivation of carcinogenic arylamine and heterocyclic amine metabolites, thereby reducing the rate of aromatic carcinogenesis in vivo. To evaluate this hypothesis, the effect of catechins on 1-naphthol sulfation in Caco-2 cells was investigated. Since the concentration of EGCG in a standard green tea preparation is over 1 mM EGCG, 6) we chose 500 mM EGCG as the maximal dose for this study. As shown in Fig. 2 , the sulfation of 1-naphthol was inhibited by EGCG in a dose-dependent manner. The IC 50 of EGCG was calculated to be 20 mM, which is similar to the value calculated from in vitro assays (14 mM) in a previous study. 6) This suggests that the inhibition of P-ST activity by EGCG occurs in a similar manner in both intact cells and in vitro. Figure 3 shows that EGC and EC were poorer inhibitors than EGCG. Previously, we noted a similar trend in vitro. 6) This further suggests that inhibition of P-ST activity by catechins in intact Caco-2 cells occurs through the same mechanism as it does in vitro (via competitive inhibition). Recent studies indicate that a large array of benzyl and allylic alcohols are activated to mutagenic metabolites by 
STs.
3) Considering this, along with our own data, we propose that the inhibition of P-ST activity by catechins (and green tea) can reduce the bioactivation of procarcinogenic phenolic compounds within cells, thereby reducing the rate of carcinogenesis. Several reports have shown that the concentration of EGCG in the blood after two or three cups of green tea can reach about 1 mM. 8, 9) Furthermore, a high concentration of EGCG has been detected in rat small intestine and colon mucosa following oral administration. 10) These findings support our hypothesis; however, further investigation must be carried out to confirm it. Recently, Otake et al. reported that the dietary polyphenols, quercetin and resveratrol, caused a potent reduction in the estrogenic ST activity of intact normal human mammary epithelial cells.
11) The physiological importance of interactions between STs and dietary compounds in vivo needs to be clarified in the future.
